Tyrosine as a Non-perturbing Site-Specific Vibrational Reporter for Protein Dynamics.
The ability to detect changes in the local environment of proteins is pivotal to determining their dynamic nature during many biological processes. For this purpose, the utility of the tyrosine ring breathing vibration as a sensitive infrared reporter for measuring the local electric field in protein is investigated. Variations in the bandwidth of this vibrational transition in a variety of solvents indicate differences in microenvironment affect the inhomogeneous broadening and thus the frequency distribution. The ring mode is influenced by direct and indirect interactions associated with the charge distribution of the surrounding solvent molecules. Molecular dynamics simulations were implemented to obtain a correlation between the electric field induced by the solvent on the mode and the observed vibrational bandwidth. Moreover, the Trp-cage was synthesized as a model peptide system to access the efficacy of the correlation to predict the electric field strength within the hydrophobic core of the native and denatured states of the protein. The 2D IR spectra of tyrosine in dimethyl sulfoxide (DMSO) and water (D2O) show a two-fold difference in the time constant of the vibrational dynamics alluding to the dephasing mechanisms of the vibration and supporting the model put forth about the solvachromatic nature of the transition.